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tile Signal Corps. These observations show air currents 
increasing in intensity with increasing altitude and ap- 
proaching the huge speed of 100 miles per hour. Such 
speeds are perhaps exceptional but not a t  all uncommon. 
The. pilot balloon mentioned in section 3 ttbore, traveled 
froin Omaha to Virginin 1i.t 8 1 1  uvercigc! speed of 30 niilcs 
per hour, the avers e height being 15,000 feet. On No- 
vember 6, 1918, a t  f !hattn.tiocieit, '1'etiii., a velocity of 154 
miles ita hour pt  an altitude of 3S,1)00 feet was observed 
by one of tlie meteorological units of the Signal Corps. 
These fa& bring out the importsnce of a forecast. of surh 
currents for tlie Ijurpose of long flightas. A flier aided hy 
such a wind as that 1mt mc~ntioiiecl woulcl niove towsrcl 
his objective 2 x 154, or 30s miles an hour more rupitlly 
than if lie were oppcwd by it. when i t  is rec.:i.lle(l t1in.t 
the aviator above the rloucls litis iio means of knowing 
anything about the motion of the air in w-1iir.h ho Ries it 
will he seen that i t  is of the greatest importsnw to him 
to know the nature of the rurrcnts a t  cliflt~reiit~ lends. 
Table 2 furnishes R very typical illustrii.tion of t.liis 
importance. 

TABLE 2. 
-. __ . . . . . . . . . . . . . .  

Wind 
direction Altitude. 

M l m .  

Purlare. ........................................................... 11w. 
5w ............................................................... ! c. 
1.1100 ............................................................. ' c .  
.z.ooo ............................................................ I ne. 
3. ooo .............................................................. w. 
..hm ............................ r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  nw. 
12. wo ............................................................. nw. 

Win i . 
ye locity. 

.Mlcs 
p r r  hour. 

2. ? 
5. s 
s. 3 
S 4  
5.4 

21. l i  
49.2 

Weather Bureau in Washington. From the pilot-balloon 
observat,ions chart,s are coiist.ruc.t,ed showing the wind 
dircct,ion and vclocity a.b tlie various levels; for instance, 
oiic chart shows the wind clirection and velocity near 
t.ho ground, anothcr chart show-s the wind direction and 
w1ocit.y 500 nic?t,ers almve t,lic! ground, and additional 
charts show t.he wind tlirection ctnd velocity a t  the fol- 
lowing 1evols: 1,000, 1,500, 2,000, 3,001), and 4?000 nieters 
a h v c  the ground.1 The forccnst,er ctt Washington has : 
tho rarious charts before h i ,  showing wind and weather 
conditions prwailing ovcr the Uiiit,eil States, within an 
hour and a half after the ol,st!rvntions are macle. From 
these c1ia.rt.s lie prepres the forecast of weitther contli- 
tioiis for the ~aricnis sections of the Unit,etl States, and 
sl blic s tme  time prepares a statement of the wind ttnd 
weather conditions tit, various altitudes itloii~ the various 
air rout,es for the use of aerial mrigation. '&is service is 
nlreaily being used hy t,hc Aerisl hhil Service. It, is also 
used by the niilitnry fliers, 8s is evidenced by telegraphic 
requests rrceived tit va.rious niilitnry nicteorologicnl 
sba tioiis for speciti.1 reports on the wcwtlier and wind 
conditions whcn long-tlista.nce' flights are coiitemplatecl. 

'rho problnni of esploring the upper-ttir c.urren ts over 
thc Atlti.nt.ic wii.s at. i h t  t,livuglit. insoluble on atccount, of 
t.he rthscnce of fisd bwee, but. t,hc success of t.lic Metcoro- 
logicnl Servicc. hi cleveloping its long-range propaganda 
balloons has nuw iiiaclo possihle the! niapping of the upper- 
air highways zicross t.he Btln.iit,ic, for arrn.ngrnients are 
being ninde t.o send up 1-jot.11 from const.a.1 stations a.nd 
from t,ritiis-;~t.lantic. st,eaiiiers these long-innw balloons 
clesigncd now for froin 2,000 to 3,000 mile nights, and 
adjustptl t,o iiiniiit,uiii n cuiietniit. dt.it.uile and to drop in 
west.cni Europe their records of average winds in these 
herstc ifore unchartnljle regions. The ii:iport.niicc of tdiis 
work for thc fut.ure of nvitttion iieeils no eniphnsis. 

The! B U C C ~ ~ S  wliich the Mctecirologicnl Service has at- 
t,ciiiie(l would have been whiilly iiiipimiblc had it, not been 
fur  the intimatme a.nd eff ttc t.ive coopern.t,ioii wliic!i has been 
cst,cntlod tmo it. in nll of it,s proji?c.t,s by the 1;nitcrl Ytntes 
\,Yi:at.hor Uurc!liu t,lirtiuph its cliicf. Prof. C!. 1s'. Marvin, 
:mi1 i t s  c!rit,irc! stmitt€. 'l'h chiid crcvlit. for t,lie work zt11roti.d 
shoiiltl go t u  Lisut. C b l .  .WiUinni 11. Blair, coniniissionetl 
froni t4he Went.hor Burcli71 for tht! ohYnrvilt.ioiii~1 work 
wit.11 t.lic. -4. E. F. For t.lw suc'ccss of t,hc sarvico in this 
country Chpt.. Shrrry mid Liiwt,. Wat.srniaii have tdw 
rliic!f respoiisibi1it.y. Chpt,. Murphy itlid Prof.. Fassig 
littve, liowevrr. colit.rihut.d w r y  iiiiport,ant elements. __ _____---- 

1 See fig. 3. 11. ?AI~. I ~ I B W .  

From t.he abovc data it is evidcnt th t t  on t,his OCCR- 
aioii an aviator flying townrtl tlie west should fly a t  an 
altitude of 1,000 metem? while an aviator flying toward 
the east should fly a t  an altitude of 4,000 meters or more. 

I n  order to meet the obvious need of ths aviator fqr a 
knowledge of the upper-air currents, t.hc Signal Corps in 
the sumnicr of 1017 undertook for t,he first t,inic in hisbory 
:I. general pro rani of syst,enint,icnUp ilia ping tJio u p p r -  

ern Europe in aid of aviation and >art.icularlv wit.11 ref- 
erence to trans-At,lantic fli ht. B J ~  the fd1 of 191s 

United Sta.tqs were in full operation in place of tho 1 
station which had misted before the war. From thew 
stations reports are t,elegrnphed twice daily t.0 the 

air currents o f the Unitcd St,ates, the At P antic, and west- 

36 upper-air stations care P ully di'strihut,ed over the 
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[ Dstrd: \I'sshinglrm, 

Previous to the beginning of the mar in 1914 no nation, 
with the possible esception of Germany, hnd niade provi- 
sion for meteorological work as used in niodern warfare. 
It is true that surface meteorological observations were 
niade at some of the military posts, but no systematic 
meteorological work 8-as attempted nor had an\r .upper- 
air observations been made with a view to providing tbe 
Air Service arid the Artillery with necessary meteoro- 
lngirttl data. In the Unit,ed States tile Weather Burenu 
has always maintained an efi.cient civilian nieteorologicn.1 
service ant1 l im ~rru1iiulatet1 an eiioimious amount of 
data, both of surfnce and of upper-air iiieteorologicnl con- 
ditions, and I J t d  not tliese data heeii itvtiildde during 
the w-ar a, great many aviation and artillery problem 
would have been much more difficult,. 

I). C., May 15. 1919.1 

W-itii the prescn t, tlevrlcipnient. of aviutinii it l~econieu 
highly desiraI)lc that II more 111 t.iniate knowledge of upper- 
air conditions be obtinecl. Tilt .  d e ~ e l n ~ ~ n ~ c ~ n  t of niodern 
artillrry niakes it  nrccssiiry that cert,:i.iii c'orrev tions for 
variat,iou froin nori?inl iii t!:e ctt,iiios$wi : c.ontlitions he 
inr.orporatc.tl in artillery ritiigc tddes. For instance, it 
Iias lwen found tiiiit i n  firing t.: c i5-1iinl. gun a t  a tar- 
get. 7,000 metprs away t i n  opwsi..ig wiiitl of 10 I-iieters per 
second xi11 c i ~ i  se t e Iwijoctilc! t.o fall nrcirly 400 meters 
(a  quarter (if n iiiile) s:.cirt vf t' e t.?rgct. In orcler to 
~iiukp tl:e pr,>per clhrrection to €I c aim 111 art.illery fire it 
is IIC.~C-SS;L~J- to kiiow t:.c wind direction iiiid speed a t  
vitrioi:s illtit.l;des up t,o tl e ninsiiiium Iieiglit reached by 
the projectile. In  t.be chsc cited nhove this would be 
npprosinia tely 2,000 me teis. Besides making corrections 
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for wind, it is necessary also to make allowance for vsri- 
ations in the densitv of the air, and in some instnnres 
this correction is quite as important ns that  for wind. 
The use of gas in the war made it iniportant that, close 
attention he paid to wind direction and speed. In  fnrt..  
t-he operations of d l  braiic.hes of the niilitary service \\-ere 
to a ronsiclerable extent dependents upon \r-enf.lier cvm-li- 
tions! and consequently weather forecasts were in clen1anc-1. 

It mas some time nfter the declnratioii of ~ n r  lieforo 
Englnncl and France had me teorologicnl sen  ives riper- 
ntiiig witli their armies.' When t.he Uiiit.ctl St:it,es 
entered the war a few months elapsed hefore it \\-:is 
decided that the United States w-odd put  n lnrgc xrni~*  
on the~l>sttle front. When it became evitlent that s d l  

an arnig would he sent too Europe it was also nppnrent 
that :L military meteorological servive ~wult l  he 1iet:essnry 
aa a part of this army. The Chief Signal Officer of tlic 
Army directed that a Meteorological Servire he orgmizetl 
within the Signal Corps, under the. imniedinte sqpervisinn 
of Lieiit. Col. R. A. Millikan, Chief of the Science ant1 
Resemch Division of the Signal C'orps. Dr. W. R. Bl& 
and Mr. E. H. Rowie, bot.11 of the U. S. Wentlier Bureau. 
were conimissionecl as majors in the Signd C'cjrps awl 
sent ovcrseas to iiivestigate and report on the needs of 
tlie Aiiieri!mi Espeditionnry Army for me teorologiid 
data. It w : ~  tlie int.ention a t  first- to provide n ii.wtmrn- 
logival seroke for duty with the hier i t*an Espetli t .ionm~ 
Forces only. However, it. ivas snon found tlirit it wiiiilil 
be nevessary to orgniiize a metcorologir.al set: tion for 
duty in tlie United States to furnish dnt,n t,o t.lie wrioiis 
military Twst.s for tlie benefit, of Ordnance, Aiir  Scrviw. 
and Artillery units in training, and in tlie clevelopincn t. 
of prohlenis in connection with their work. From cahlt.- 
grams received from Gen. Pershing it was d.eteri.niriei1 
that approximately 21 officers and 300 enlisted nien 
would he required for duty overseas. Approsinintcly 15 
oficers and 200 nien were required to meet tllc needs for 
nii1itn.1-y iiieteorological work in the ITnit.ed St,at,es. 

The number of incn with the qiinlificntirins (losired 
wns not a~ailtthle, and it was necessary to take men 
having sa tisfnc tory ecluca tioiinl cjn nlifica tion F and gi r-c 
them nddit.iclua1 training in meteorology wid nerrilogy. 
The first 150 iiien obtained were sent to various Wcnthcr 
Bureau stakions in the United States for training in 
meteorology. After R short period of training nine of 
these men were sent! to Fort Oninhn, nnd in Nnremlwr. 
1!>17, the first military meteorological and serologic-n.1 
st.rtt,ion was eshhlished a t  t'. n t  place. -4 school of nidcor- 
ohgp mas opened at College Station, Tex., with Dr. 
Oliver L. Ftwsig as Chief Instructor, where approsirnabely 
330 iiicii wcre given training in metecirology niicl tierrdogy.? 
Men wcre sent overseas in groups of 50 unt.il npproxi- 
niatdy 300 men had been sent. 
In the United States 37 military meteorological s h -  

t h i s  were eatablishec!, equipped u-it,li instruments nnc 1 
personnel for furnishing meteorological data t.o other 
branches of t.he Army. Most! of these stations ~ ' c r e  at. 
military posts and were established at  the request, of 
some branch of the iiiilitary service. The stat.ions at  
t.he Aberdeen Proving Grouncl, Aberdeen, Mtl., and at. 
t,he Yant lv  Hook Proving Grouncl, Sandy Hook, N. J., 
were establislied for furnishing accurate data of surf:icc 
and upper-air conditions to the Ordnance for use in 

-. . - - .. --. . - .. __ . -. -- 
1 For an account of the Rritish service see "Meteorology during and after the war.:' 

YONTELY WEATHER REVIEW, Fehruaj. 1919.?7:Yl-S3. 
9 See "A Signal Corps school of meteorology by 0. I.. Fssig MoNTmr WEATHER 

REVIEW, December, 1918,46: 560-562. Some a&ount of the methbds of teaching at this 
school are given in "Collegiate instruction in meteorology," by C. F. Brooks, ibid., pp. 
554-560. 
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connection with range-firing experiments. At both of 
these stations the Aleteorological Section of tshe Signal 
Corps cnopcrt-itd wi6h the Ordnance in developin thc. 
first. range t.ables constructcd bv t,he Unit.ecl Stat.es h n i y  
in which corrections were to he inc.orpornter1 based on 
act.ual observations for variat,iclns from normal air clcn- 
sit,!.. wind direct.ion; and speed along tho trajectories. 
For t,lw purposr of inst.r.uct.ing sturlmt. officers- nnrl men 
in t.lie use of t41iese t,nbles, military nieteoroloqical stations 
were established at, t.he Coast Artillery Rchool, Fort 
Monroe, \-:I., t.lie School of Fire, Fort Sill. Okln., ant1 t.hc 
Field Artillery Firing Centers a t  Camp Jackson, S. C.., 
and C'nmp Knos, I<>-. M'rteorologicnl stations were dso 
established a t  Ilnzelhur-st Field, N. T. ; Ellington Field, 
Tes.: Kdly Field, Tcs., and a number of other flying, 
fields in riwious pwt.s of t.he country, for the purpose 01 
supplying information concerning both surface antl 
upper-air ronrlit,ions for use in connec.t.ion with the train- 
ing of student :tviat.ors niid also in c.onnection with cross- 
country flying. For t,he purpose of furnishing meteor- 
olooicnl clntn t.o he iisetl in connection wit,li the training of 
bnlhm pi1ot.s nnrl  observers for both observation and 
free-balloon work, rt.nt.icinn were rst.ablishec1 a t  the Army 
Enllc~in Schouls :it Il"1i.t. Onialin, Nebr., ani1 Arcaclia. 
C'al. Meteoi-ological st.at.ions were est,ablishetl at a 
numlwr of ot,lim- point,s in t,he United St,at,c.s for t.hr pur- 
pose of furnisliing ~ l i i t ~ a  t.u ot.lwr I)~micht.?: of t.he Army, 
t int1  many of thc st :it,iona. inclritling scinie of t,hose nnnied 
ahow, fui-nisliwl ' i!:it:i t o  t.1I-o iii. miwc h:.i~Iirlies of. the 
niilit.iu-y w-virt-. 

In OI gnniziiig t.hc ~ l ~ ~ t ~ ( ~ o : ~ ~ ~ l ~ ~ ~ i ~ ~ : ~ l  Sei*\-ic.e the Si nnl 
Corps w a s  con1rontr:l wit11 iht? 1wojec't. o f  c.re:at.ina w 4 int 
wis in miiiiy respect,s an ent.ire!.v new service &r t,he 
Arm?- clesignetl to su ply t.he nii1itni.y organiznt.ion wit.h 
complete antl up-t,o-t P ate niet.eorologica1 information, nnd 
t.liis as proniptly m e 1  efficient+y ns possihlc. The under- 
taking necessa.ri1.y involwtl, in sdclit,ion t.o considerat~ion 
of niet.horls eniplo~-etl hg  former or prescn t niet.ecwoloc*icnl 
oiganiza.t,ions, iic*tuail  rsperinicnt.nl inrest.ipat.inn, anX t.1io 
development: mi11 staiitlai.tlizrit.ioii of new mcthods. 
Inwniuch as the 17. P. Wtbather I3uren.u const.it.ut,ecl mi 
efficicnt orgnniznt,ic)n fo: dcaling with surface mct.rorolog- 
ical data, ind  as n nuniber of tlic personnel o€ t,liat tlc- 
partment wci.e nvaildble for thr Service and fanii1in.r wit.11 
it,s niet,hods, it. w-2~ tle.cide,cl, far as surfa.ce observn.ticms 
were concerned, t,o adopt, ns stanclard practice t,he met.liods 
and t,j-pc of equil>nicnt used by the Weather Bureau. 

The question of the pro er unit.s to he employed in 
rewlding obsermt.ions snr P in issuing reports requiretl 
consitieration: z~iitl  t.hc metric s p t e m  \vns tlericled upcin 
as being t.he simplest. ant1 also t,hat required for work 
overseas. For serving the various military branches iii 
t,he 1Tiiit.ed St,ntes, howcrcr. n nunibpr of different units 
\vei.e in use, so t , h t  it was inipract,icable to adopt ti sing](. 
systeni which would conform to all requirernent,s. 111 
t.his country, t,horefore. ohservat.ions were recorded ancl 
station records were kept. in the metric system, antl 
re orts were furnished in m y  units desired \ocally. 

'Fhe main outs tanding wa.s tlint of deT-eloping 
suit.nlde methods for o dnt.a concerning t,111~ 
upper air. Tho had. preTiously been 
cmploved €or this pur oso were: (1) The usc of soundin!: 
I~rrIlooiis, ti' iiianiie~ P ifrce) balloons, 0) 01ww-at.ioii 
(kite) ba.lloons, (4) kites, itnci (51 a.irplunes. All rif 
t,liesr perinit the procurine of complete upper-air da.ta 
it,empernt.ure, prpssure, humidity, and wind). Tht! 
sounding-balloon met.hod consist.s of attn.ching recording 
apparatus to :I hi1lloo11 of nppiusimnt.el~- 7 feet. diameter 
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inflated with hydrogen and allowed to ascend. When 
the balloon burst.s or loses its gas the apparatus descends 
on a para.chute. For military purposes, t.lie sounding 
bnllooii is evident.1.y out of the. question on account of the 
r1cla.y mid uncertainty in recovering the rrcordsd data. 
T!le manned bnlloon is debarred for the sanic re:ison, 

Oljservation or kite balloons may, of couise, be e~iiployeil. 
Tlwre are serious limitations to their use, however, such 
tis the espensive and elaborate equipment,, tlie low ski- 
tudes attained, and the danger in launching in n high 
wind. Kites are excellent, but require considrral>le 
q u i  nient,, and render aviation unsafe in their ncigl ibur- 
hoof  on account of the kite wire. They cilso atre not. 
readily Inunclied in very light winds. Ncrertheloss, 
they are desirable equipment for permanent inebeorolog- 
ical strrt.ions where accurate and coni lete data aloft iire 

tirely practicable and has been employed by the Yign:il 
Corps a t  the Aberdeen Pro-ring Ground. Recording 
n.pparatus is carried by the atirplane, which flies stenclil 
for a certain length of t,inie at8 each altitude for whic i 
tlii t.:~. lire desired. An :Ilttwiat,ive, ttricl t.llc u s ~ i ~ l  ~~l r tho t l ,  
is to cii.rry non-rrcorcling ins tmnients, wliicli we rend 1))- 
iiii  observer a t  blie alt,it.udes desired, nnd whene-ver my 
i t  nusual condition is osperienced. The use of :it1 air- 
plane for obtaining clntn aloft. 1121s the ~listtdrnnbsge t,hat 
it. is i~iii~r~icticsble t.ci drt,cqmi ne t,lic! wintl wlc icitj- iiccur- 
ntdy. More t lmi  350 airp1:rrie niet,eorological lIiglit,s 
hive heen made a t  A4hcrclc.an, usually to 10,000 feet. 
. S O ~ I  coni >let,c! Iaiowledge of upper-air conclibioiis as 

bv the -4rtillery only, whereas a kno\vledge of the wind 
:Aft is estrcniely vnlunlde to the aviation and b:illoon 
services as well as to tlie Artillery. There 3.18 sei-era1 
simpler methods nv-:lilnblt? for nscertnining only wind 
speed and direction : (1) 0bserrat.ions on pilot balloons, 
(3) observations on ninvenicnt of the snioke of ant,i- 
aircraft shell bursts, and t:3 j sound-ranging 011 
l-mlloons carrying a train of esploaires.3 ~ n n s m u c P ~ ~ ~  
:t knowledge of the upper winds is xv1in.t is mn.inly desired 
1:)y t.hc Army, tlie development of efficient metliods fn r  
obtniiiing these data was of foremost imporbance. Since 
t.lic two liltt,er inctliids mentioned tlepi~nd upon the as- 
sist.tmce of two other hranches of the -~rniy--thc miti- 
aircraft and the sound-ranging services--it w n s  decided 
tmo use the first, namely, that by observat.ion 0 1 1  pilot 
balloons. This method was soon found to hc most 
satisfactory, and, accorclingly, an iniport.ant under- 
taking of the Signal Corps was the development of prac- 
t,icahle, speedy, and efficient means of making upper-a.ii 
(.)hscqmit.ions with pilot hiillooiis, and of coni ,utili$ tind 
ta.hi1atinw therefrom dttta in a usable forni. b ractic:hlt! 
field nietRods were soon derised, and t,liese havo con- 
tinually been improved until a t  the resent time it highly 
efficient system is in o eration. $lie disadvantage of 
the pilot-balloon niethor r of observatioii is the fact. that 
the observation is liniit,ed to the height to which the 
balloon can be seen, and is therefore restrkted in altitude 
on cloudy days. 011 clear clays, however, i t  is fnr inore 
efficient than other niethods, lis is evidenced by the fact. 
t,liat observations tao a height, of about 13 kiloniet,ns are 
by no means unusual. 7 lie record altitude reached in 
this service by tllis means is 30 kilometers,' niid bdoons 
Iiuve been seen to a 1iorixont:i.l ilist,tmoe of i O  kihnirt.eiu. 

Although the pilot-balloon method of deterniining wind 
aloft was not new to meteorologists, it hnd only been 

u i ( 1  also because of the limited range of ohserr a. t' 1011. 

required. The last-named method, P ~y airplnne, is en- 

F 

will ndmit o / the computation of clensit.ies aloft is desired 

I For further details see MONTRLY WEATHER REVIEW, Feb., 1919, 47: io. 
4 See graph No. 7 in flg. 2, p. 213, above 

a >plied in konnection with upper-air research, in which 
t. t ie speed of computing resu1t.s and the transfer of tqhe 
equipment wa.s of secoiid~ry importance. The Signal 
C!c.)r )s immediately undertook tho devtkqmicnt of pmc- 
t.icaS,le niilitnry nietliods, wliicli require principally 

nnd portallility of equipment. Briefly, 
consists in allowing a pilot balloon to 

The balloon in its u ward course is 
carried tilong horizontally by tlie winc and is a most 
sensitive indicator of wind velocity. It ma be viewed 

hast! Ime, mid simultaneous reading of elevation and 
azimuth angles may be made a t  regular intervals. By 
triangulation the actual path of the balloon relative to 
tlie eurth may be calculated. From the horizontd pro- 
joct.ion of this ath, which is plottecl for points taken a t  
known iiit.erva P s of time, tlie average wind velocity 
(speed nnd direct.ion) over any interval may be obtained 
t i t  each respective altitude. h dbernatire method, 
which is more easily adiipted to military use, employs 
c . i n l v  one tltrodolite, a.n& n.ssunies a known uniform rate 
o f  iscent of t.lie balloon. The cornputmation cam then be 
n i d e  as before, much saving is effected in personnel, 

uipniwt, and )ortability, arid the method is iidniirably 
tictapte(1 to rapi ct field work. 
d requirement for either the one or t,lie two tlieodolite 

tiit~tiiod is :L sittisfactury type of balloon. ' Tlie lmllooii 
slit l d t l  d i i i i  t i i f  liigli inkition and possess minimum 
weight iii order tu  rewh the greatest possible altitude 
l d v r e  being lost to sigl!t. The rubber sliuuld be so cured 
:is to retain its elnsticity for a moderate period, should 
d1d.Jw only sluw diffusion of hydrogen through its walls, 
i d  should be so colored as to be visible against the 
tlifferen t bsckgrounda encountered. All balloons should 
he of tlie stiine slia Je in order to simplify the calculation 
of rate of.ascent. .R~ucli attention has been given to these 
1)uiiits, :id after careful testing it has been found that the 
nios t s a  tisfnc tory balloons are of pure rubber, and of 
qqjivsi!na tely sdierical  slinpe when inflated. (See 
frontispiece.) lese balloons are used in two shades- 
uiiciJlored, for use against a clear sky, and dark red, 
f(ir :t cloudy ci i -  hazy sky. A bnllooii which will inflate 
t,o a niasiniuni tliame ter of 80 centimeters should weigh 
I ' r d i n i  20 tu  30 grnnis, and one inflnting to n niasimuui 
dimietcr of 120 centimeters, 
panis.  l h e  mnnufac ture of 
larger size than the last named 
d e h t e d )  appeals to be very difficult. 

A s 1ec:ial ty je of theodolite (see fiq 3, opposite p. 307) 

the U. S. Meatlier Bureau. This instrument, with n few 
minor t i l  terations, lias been used esclusively in this 
country. Its essential feature is the use of 21, riglit- 
angled prism a t  the renter of the telescope tube, whereby 
the observer is able to look always in n horizontal plane 
while sighting u p ~ i n  objec t u  in spac'e. 

Although the single-theodolite method of observation 
is more renclily adctptnble for iield use t1ia.n the two- 
tlieudolite nietliod, the accura~p of its results is de- 
)endent upon the acruracy with which the altitude of the 

ImIluon is known. , with the formulas for rate of ascent 
IlOW in use this accuracy is not great. It was therefore 
found desirable to maintain meteorolo ical stations for 
two-tlieoclolite observations a t  posts w f iere the greatest 
clegree of accuracy WIIS desired, as, for instance? a t  prov- 
ing grounds where iiivestigations were conducted con- 
rerning the fnctmu which influence the. flight uf pro- 
'cc:tiles. Considerable work was necessary in order to 
Ling this more cumbersome method to R point where 

P 
t,lirougli two theodolites placed c t t  the d s  o P a measured 

r .  

was iesigned i 1 >.y Dr. W. R. Blair wiile connected with 
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the necessary speed of operation would be attained. 
A large number of devices were designed to gain this 
end. Special slide rules ancl nlignment charta have been 
made for solvino the trigonometric formulas involvecl 
in determinin tEe position o f  the balloon from time to 

may be readil plottecl ancl the wind velocity obtained 

utin tlie wind velocity without graphical aid, but they 
Rave feen found not to compare favorably with graphival 
methods. 

These latter methods operate on the principle of clupli- 
cating on a sninll scale the canfiguration of the system 
(balloon, base line, and two theodolites) by mettiis of 
plot,ting board and apparatus. For finding the altitude 
of the balloon when the horizontnl projection patrh is 
known, an ordinary slide rule may he used, or this, too, 
may be solvetl hy grri hical meum. Plotting lmwtls 

were cleveloped independen tl v n t bigiia orps stat,iona 
n t  Aberdeen Proving Grouna, Fort Monroe, Fort Sill, 
Hazelhurst Icielcl, and Ellington Field. A form which 
seems to he m direct ns any that ran be devised is illus- 
trated and cliscussed on pxge 223 below. I t  is iiccosswy 
for rapid work that t,clephonic vommunicatiiins ho es- 
tablished hctween the obswving stations and the dotat,iiig 
room. Eacmh observer and earh plotter weal% a be t? )lio1ie 

from the observin stations to the plot,ting room an soon ns 

To insure siniultnncoua readings. a t  
each of the two thootloli tes suitsble signals :ire @\-en 
the observers by means of :I st.nndard Signal Corps time- 
interval ap mratus and time-int.ervs1 bells, or these 

circuit. In this way the computation of tlie wind 
velocity may he macle to keep pace with the observation. 
The two-theodolite metshod of observation is, of necessiby, 
available for uso a t  more or less permanent stations only. 

In  regard to the s'mpler, single-ttlieodolit.e method, the 
fimt rec1uisit.e was a formula for the rate of adcent of the 
balloon in order that the altitude might be known at  
eac.h reading taken. In  other words, i t  wtxs necessary 
to preclict from lmown measureinelits of a iven balloon, 

what. the rate of ascent would be. Some eneral clecluc- 

been gi-ren by Mal10ck5 from bheoretical considerations. 
In  his paper it is shown that at, fiiut, leaving out of 
consideration the loss of gas, a balloon will ascend wit,li 
a slight positive acceleration, which later decreases to 
zero and trhen becomes inc.reasingly negative until the 
masimuni altitude is reached. This behavior is es- 
hibit,ed to some estent by large sounding ballooiis: but 
they are inflated to a niuch less degree than the small 
pilot, balloons in the attmnpt to reach high alt,itude 
rather than to gain R rapid ascensional rate. As a 
matter of fact, pracbically all t,he pilot8-balloon observa- 
tions of the sort. conduct,ecl by the Signal Corps show a 
rate of ascent which is very nearly uniform up t'o alti- 
tudes of certainly 10 kilometers a i d  in many cases 
much higher. The matt,er of the ratme of ascent is also 
treated by Millikane and, as shown by him, for moderatme 
altitudes the loss of gas by diflusion ust conipensat8es 

' time. After t 5 ie latter is known the lath of the bttlloon 

a t  any altituc f e. Methods have been devised for com- 

for two-theodolite wor E , tlifferinq. sliqhtly in detail, 

head net. (Fg. 1, front-ispiece.) 'I'hercncliiigs a.re v:i ' I  led in 

taken; thus the c 7 inrting goes iin RS ftist. ns the observa- 

signals inay b e sent by nieaiis of n buzzer on the telephone 

. tion progresses. 

as, for instance, its diameter, weight, and 5 ift,ing power, 

tiona regarding the rate of ascent of pilot, B alloons linve 

for the positive acceleration that- woulc i ot,herwise occur. 
5 A. Malloek: Proc. Roy. SOC. v. 80, No. A541, June 10,19US, pp. 530-534. 
6 R. A. Millikan: p. 211, above. 

This fact has been taken aclvnnbage of in most work 
that has been clone on the mt.e of ascent of pilot balloons 
to decluce a partially t,heoretical foriiiula, which will 
satisfy es >eriment.al results. It is assumed that since 

holcls for the case of a balloon moving through air of 
constant density and under t$e influence of a force 
equal to its liftin power in such an atmosphere. To 

s ecial arbicle. I t  niav be stated briefly, however, that 

t,hose of Dines' and Hergesell.8 They :ire respectively : 

the rate o t ascent is constant a foriiiula will ~xpply which 

enter into the su % ject fully would proprly require a 

t, rl e two best known formulas clerived in t,his way are 

where V represents velocity; 1, the "free lift," repre- 
sents the actual lifting power of t81w hlloon, i. e., the 
attached weight i t  mill support: L, "the t o t d  lift," is 
tlie free lift plus t-lie weight of the balloon: and R is a 
constant. Variations in (lensitmy of the air introduce 
negligible errors in comp:xrison with those due to other 

h large ainouii t of inrestmigatmion hn3 heen conducted 
hv  the hieteorologicnl Section, Si l i d  Corps, with a 
vhw t,o solving this w~~hleiii. At t 7 ie heginning it wns 

agree with tict,id free-air observatio 
Sigiinl C'orps, and at, Fort Ornaliix in D 
purcly enipiricnl forriiula wxs decluced, which was used 
for R short time. I ts  i13e is restricted to balloons of 
totnl lift in the neighhorlioorl of 80 grsii!s only, nncl it is 
accurate for the range for which it WLS designed. I t  
was soon discarded, however, on txccount of its re3tric.ted 
range a.nd npplicnbility to balloons of low inflat-ion only. 

From tlie records of about 5,000 pilot-balloon observa- 
tions niacle with two tvheodolites at, vnrious points in the 
'CTnited St.ates, 1,000 have been selected because of their 
1engt.h and nccurncy. Theae have been tabulated and 
examined cmefully. I t  is found thnt. tho results ob- 
t,nined clo not a g e e  with the rcsults of either Dines or 
Hergesell for the type of balloons eiii doyecl. In adcli- 
tion, esperinients in charge of Lieuts. tv . S. Bowen and 
H. H. Anderson were pei-forii:ed at. t$e Signal C'orps 
School of Meteorology, College Stmation, Tes., in which 
balloons of various cliamet,ers with different weights 
attached were dro ped from the interior clome of a 
high building and t !il e rate of clescent directly observed. 
On the basis of these esperiments and the accuniulat.ed 
data obt,ttined from t.wo theodolite observations men- 
tioned above tho following formula was produc.ed : 

cnu383. 

fount1 tlitit the formu II :M of Dines and Hergesell did not 

The accuracy of any forniula yet devised leaves much 
to be desired, as the velocity of ascent may be relied upon 
only to an accuracy of 5 per cent or occasionally 10 per 
cent. The formula developecl by the Signal Corps has 
been demonstrated to be inore accurate for the work 
in hand than that of either Dines or Hergesell. 

Testa on tlie internal pressure of balloons used show 
that i t  a t  first decreases with increasing inflation, later 
becomes very nearly constant (ap rosimately 5 cin. of 

. 

' 

water) for a considerable range, anc P increases just before __ 
7 Quart. Jom. Roy., Meteor. SOC. April, 1913. F. 39, pp. l O l - l O i ,  and April, 1918, v. 44, 

8 YixiZme RCimton de 13 Commission International pour I'Aeroststion Scientifiyue, 
pp. 131-133. 
Monaco, 1908, pp. 86-103. 
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the bursting point is reached. The diffusion through 
the walls is rather an uncertain quantity, hut. a.nwsges 
about 4 to 6 per cent of the volume er hour. 

method of observation, where it is wsunwcl that tho 
altitude of the balloon a t  the time of takiiig each reading 
is known beforehand, and the only remaining clumtity 
to be determined is the radial clistanue in H horizontal 
plane of the. balloon from tlie starting point. This 
permits of read : calculation with an ordinary slide rule 

Distance =height/tnn t ;  
where e is the elevation tingle. 

One successful me thocl for single-theotloli tc work is to 
com ute this horizontal distance by slide rule ant1 then 
to c P iart  the balloon’s path on a simpln plotting hi:utrtl 
provided with a scaled arni pivoted a t  the center of a 
360° protraotor. Anotlicr satisfactory method consists 
in the use of a similar board combined with a ra.pliica.1 

graphical solution of the above formulit. Fully a tlozcii 
efficient lotting boards ant1 methods have hoeti clevisetl 
1)y mem f ers of the Metcwrologid Sontion of thc Signal 
Corps, which difler . in details of construction but which 
fall under one of the two gensml classifications nanirtl 
above. That adopted I)J- the Mi!twrologicaI Scrvicw for 
general usc is illustritted in figure 4. The observation 
point should he connectttcl \by t~lcphoiw with the plotting 
room ais in two-theotlolite work tint1 the tiiiio-iiit,cilrJ 
system is also an advantage, though not essential. 

An importixiit feature of tlie meteorological work a t  
Art.illcry stations consists in the calculation of tho 
“ballistic ” wind. Corrections for Artillery fire are made 
for variations of mcteorologica.1 coliclitions from normal. 
The normal condition as to wind is taken by the Artillery 
to be ‘ ‘ calm.” Since the wind cliffers in speed mid direc- 
tion a t  different altitudes and since a projectile spenils 
a different amount of time in each zone of altitude, it is 
ncoessary that these factors lie taken into considerntion. 
The ‘ ‘ballistic” wind is an imaginary wind, which woiilcl 
have the same deflective effect upon a given projectill: 
as the total resultant effet.t of the varying winds which 
the projectile eiicounters clurino its flight. A projectile 
spencls an inoroasing amount 07 time in each sucwssive 
zone up to the maxiniuni ordinate; in fact, about half 
the time of flight is s ent above thrce-fourths of thc 
niasinium ordinate. 4) he ballistic wind is, thercforc?. 
computed by finding the resultant o l  the true wintl 
velocities for zones of equal nltitudc up to t,lie hcight. 
of the masimum ordinate, each taken with properly 
applied weighting factors. -4t Artillery and Ortlntuice 
stations the meteorological detaohnients are esl~cotecl 
to oom ute this ballistic wind in connection with all hid- 

since, as a nile, a ballistic. wind must be calculated for 
each different maxiniuni ordinate ; thus, frequently, from 
a single balloon observation the ballistic. winds for 10 
different masinium ordinates are required. Mo thods of 
calculation aro in use in Signal Coilis nieteorologica.1 
detachments which enable reports to bc delivercd on 
these ballistic winds a t  tlie completion of the balloon 
observation. In  addition to tho work of computing 
these data.at all hti l lery posts, a t  tlie Abertleen and the 
Sandy Hook Proving Grounds meteorologiod detach- 
ments under the direction of Lieut. J. W. Howard, 
Signal Corps. cooperated with the Ordnance Dspartnitmt 
in examimng the  results of range firing under diffcrcnt 
meteorological conditions and in devising nieans of 
making the proper corrections. 

To return to a discussion of t I; ie single-theotlolite 

on account of t i: e simple formula iiivolvecl, vix: 

altitude-finding device, the principle of w-hic: Y I is the 

. 

’ 

loon o x servations. Considerable work is here involved 

-4 grea.t variety of roblenis were undertaken by the 
Signal Corps, a num E er of which are briefly out.lined 
below. 

Upper-air data obtained by making simultaneous ob- 
servations a t  Signal Corps stations in various a r k  of the 

reau a t  Washington, where,upper-air forecasts are issued 
clt$ly b the Wen ther Bureau re a.rding upper-air condi- 

of the TTnit.ecl States. This work gives promise of being, 
in addition t.o its military value, of material assistance 
bo the Aerial Mail Service and coninic?rcial aviation in the 
United States. Charts of winds a t  different levels abow 
t.hc surface over the United Stat,es, as ohservcd on 
February 5, 1919, are shown in figure 3. For dynamicnl 
s tutlies this usual.mcthot1 of mapping according to alti- 
tude above the ohserration point, gives way to that of 
map ling accoiding to alt.itude above sen. 1evel.O In fact, 
for long ciist,ance flights, mnps of this latt,er type are 
more useful t,o tij-iatom than are those shown in figure 4, 
for the ntniospheric pressure. rather t.linn the configura- 
t ion of t.he sui-fnce indicat.es (by altiniet,er) the elevation. 

The cluest,ion a.rose as t.0 the Area over which the results 
of a wid-aloft. ol)scrvat.ion niiglit be espcct,ed to hold. 
i\lthough it was kno\ni that the upper winds are pracbi- 
d1-y coiist.nnt for a coiisiderable range and that this is 
not, true o f  the surface wind, 811 actual series of tests 
mere conducted a t  Sandy Hook and a t  Ahercleen. Single 
t,Iieotlolit.c observations werc macle simultaneously tit 
Sandy Hook Proring Ground ant1 a t  Long Branch, fi. J., 
which :we npprosinwtely 25 miles apart. Simu1t.aneous 
observat.ions were also made with two theodolites each at  
Aberdeen and Swan Point, Md. 26 miles apart,, a t  opposite 
ends of the proving grounds. t o r e  than 100 obser~-ations 
were taken, a.iic1 from t.he result,s i t  ap ears that between 
the st,ations a t  eit,lier >roving groun 2 t,he differences in 

500 to 1,000 niet,ers were, almost without esce tion, less 

usually for pracbicallg every purpose within a radius of 
25 n1i1es.I~ 

A detail that was st.udied with interest was the effect of 
rerticd conrection current,s upon the balloon as show- 
i n w  the niagnitude of such currents ant1 the height t.0 
w&ich they are likely to ascend. Lieut,. Tannehill has 
discussed some instances on pages 223-325 below. It was 
found that such currents a.re Apt to esist from the ground 
to an altitucle of about 1,000 meters, decreasing in 
intensity with altitude. As n generd thing, during the 
daytime the balloon’s rate of ascent is likely to he ac- 
wlerated about. 20 per cent for the first 300 to 400 meteis 
of ascent,, and then oft.en diminished for the succeeding 
100 meteis, after which i t  becomes constant. More 
rare1 the reverse is true, the balloon rising less rapid1.y 

eviclcnt up t,o 3 kilometers, and. a t  t>inies indicnt,ions of 
stron isolated ascending or descending currents may be 

d t  the Signal Corps stations a t  the Army Balloon 
Schools a t  Fort Omaha and Arcadia, systenm tic obaerva- 
t,ions from kite balloons were made on .the visibility 
possible in different conditions of the atmosphere. 

country nre telegraphed to the United States 1 f eather Bu- 

t.ions li K -elg to he encountered in Eii ying over various parts 

tlir wind velocity a t  t. ll e same levels above altitudes of 

t,linn 4 er cent. It, was, t,herefore, conclude ip that t,he 
result o F the wind-nlof t det.erniinations, can be relied upon 

n t  t P ie start. Occitsionally, pronounced convection IS 

fount f at. alt.itutles up to 10 kilometers. 

9 Cf. Daily Weather Report Upper-Air -9u >plemcmt Metl. Off.. London: Mornings 
afternoon, and evenin wind &ips are published dailv’isince Apr. I 1919) far the sur- 
f;icr 1 OOO. 2,ooO, 5,ooO.%.MxI, lO,oOO, l5,ooOfert and upphr-eloud, and lokcreloud levels.- 
ED.’ ’ 

1oSuch Is not the case however with dHta beloto 500 meters at Cmst Artlllerp 
stations,as indicnted bydol. W. E. h i s  in discussing “Free-alr data in the Hawailan 
Idands. July. 1915’’ ~NONTEILS WEATHER REVIEW. 191i. 45:52-55). ExDeriments 
with 12-in. shells indicated that westher conditinna at‘ the battery 3 little wiyl&id 
do not show the conditlons on the coast or out to sea.-ED. 
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Visibility charts were macle t,wicc daily showing (1) the 
estreme liniit of vision, t?) and the liniit. of clear vision! 
in every direction from the observation point,. 

The cluestion of night pilo t-balloon obser rat.ions wtis 
investigated a t  :I number of st,ations. The v-nrious 
methods that have bwn cniployecl to rciider t.hc hnllooii 
visible a t  night are : (1 The suspelisioli from the bulloon 
of a sniall t,cst tube filled with kerosene into the st,c:jpper 
of which a lam ) wick is inserted, ( 2 )  a. ball of t,ow bound 
with wire an( I snturiited with kerosene, ( 3 )  a snitill 
eleckric &ish light, (4 )  luminous paint., and ( 5 )  a sniall 
box cons t,ruct.ed of t.racing cloth con t.aining a candle. 
In such dericcs the fire risk must be taken i1it.o account, 
in case tlie balloon bur& a t  a low altit,ude: The. method 
used O V ~ I ~ C I E S  wtis the last ~ i i c  named, i. e., t,he candle 
in n tracing cloth box, and t.his far i t  seems to tic t.he most 
sat,isfactory method.. 

At EUiagt,on Ficld, Tes., in coopcwttkm witli the 
Weather Bureau ancl the Engineer C'O~IIS. 1iit.e equipixient 
was utilized to raise to nlt.it.udes of ahout 1,501) fcct 
listening devices for detecting the a ~rotich of uirplauies. 

A large rariet-p of charts mid ta ?/ J cs Iinve lwen made 
for calculntion of vapor pressure, rcht i re  humidity, 
dewpoint, air density, teniperat.ure correction for hroiii- 
et,er, wind velocity froni chztrt of bnlloon's course, 
rat,(! of nscent of pilot, b:illoo:is, hullistic wincl, ctc. 

The niethotls in use for pilo b-hulloon  irk have heen 
aiin.Iyzed and studieil, cspecinlly in rewrtl t,o t.lieir tlegreo 
of accuracy. 111 tllis coiititvtim, &e following is of 
interest: For twa dieodo1it.e work a suitable plot.t,ing 
board will give results :is accuratc 11s the readings of the 
theodolites. For the nlt.itutles and distancrs ordinarily 
reached in pilot-balloon work and with the wesent t,ype 

about 3,000 nieteis. When only two inst,ruments are 
. emploved the general formulas for trignomctric cn.lcula- 

tioii of the balloon's posit.ioii are: 

of theodolite the niost sntisfiictorg 1engt.h o r base line is 

wliere d equals horizont.nl clistance from observat,ion 
pollit (1 1. 

h. cquals alt,it,utle above ohservation point (1). 
L qua l s  lengtli of Imsc line. 
A equds uzimuth aiigI! a t  observation point (I ). 
B equ& azimuth angle a t  ubservat.ion point. t? 1. 
G ecluals c?lev-ut.ion angle at  o1)servation point (1). 
E' equals elevation angle at. observat,ion point (3). 

Both instruments are set with zero azimuth along the 
base liiie and in the s tme direction. 

This furmula is iniprwt,icable when t,he balloon is 
ncnrly in a vertical pIa.iie through t,he base line, ns the 
azimuth angles rnn not. then lw read wit.h enough ncc.uracy 
to avoid large errors in the calculr,t.ion. In this ccise, 
the following formula gives more sat.isfactory results 
when the ul)srr\-ing statmion* are :it approsima.tcly the 
same altit,ude: 

B tan c tali e' ______-.__ 1,. = -~ 
dtan? tl-sinz A tan2e' *Co* s A tan e' 

A more usable approsimation of the latter formula is: 
b tan e tan e' 

tan c f* tan e' 
h.= - 

*The plus sign is used when the balloon is between the observing poinls; otherwise 
the minus sign is employed. 

120818-1+2 

This lut,trr formula is sufficiently accurate for azimuth 
angles less than 10' or I?', which is the rmge a t  which 
formula (-4) begins to Ire& down. The clificulty 
ohserl-ed in the use of formula (A) is also found in the 
use of a double-theodolite plott.ing board such as de- 
scribed, nncl in such a cade it IS custonisry to assume that 
tho baUoc)n is in a vert,ical plane through the base line 
and to use the two plott,ing arms for finding t,he Iiori- 
zontal distance and altitude h.y du licat,ing the base line 
nncl two elevat,ion aiiglos, rather t f iiin the two azimuth 
all les. 

h e  accuracy of t ~ i e  siii.,ole-tlieodolite niet.lioc1 is on17 
:is good a s  t,he closeness with w-liich t.lie r3t.c of :iscent is 
kiiowii, niid t.liis is almost a.lways within 5 per cent. The 
effect on the wincl aloft is roughly within an error of 
5 per cent in thr wind s eed md tlie sanie error in the 
nlt,it,ude for wiiicli t,lie tiirection and spced are given. 
One precaut,ion should be st.nted here; it sonietimes 
hnppens t.hat a balloon springs a lcak at, a. ctrrt.aiii altitudc, 
and this liiity ciiusc i t  to start descending inst.cntl of rising 
ut. t,he ti.~suiiied rate. (See graph 7, fig. 3,  p. 213, n.hove.) 
Since this may not he tlirc?ct.ly dctectccl by n single theo- 
do1it.e tlie efl'ect is apparently t.0 increase t.lie clis t,ance of 
the bdloon from the instrument, ant1 this in t.urii ningni- 
fitis the ccjniputecl vcllocity. Thercfore, when the. single- 
t,heoclolite niethocl is emplcived, espccial ciire should be 
paid t,o using only wry pcrfect b:doons and bo see that 
tlie nock is sea l~d  t,iqlit,ly before relc 

t,lieni t o  staiiil for a time out'doors subject to current 
conditions of sun and air, etc., before taking measure- 
ments of them, as it has been found that the tam Ierature 
of tl 1)alloon esposed to t,he sun may he as niuc 1 i as 10' 
to 20" C. abore t.liat of the surrounding air. This causes 
considerabls increase in its size and, therefore, in itls 
lifting power. 
In regard to the organizat,ion of the military work and 

t,he standnrcl met,hotls of operat.ion, it has been found 
a.clvisdde to separate the met,eorological stations int.0 
two classes--- (1) me.t.eorologica.1 units for sui-fnce clat,a, 
and (2 ) acrological units for upper-air data. Met.eorolog- 
icnl units are furt8her subdividecl inbo t h s e  of the first 
aud of the second orders. A first-order meteorological 
unit is provided with coniple1.e meteorological ec uynient 
such as is found a t  regular st8at.ions of t,he U. S. hea the r  
Burenu and is intended to be used a t  a more or less 
pcrinanent stmation only. A sec.onc1-ordcr meteorological 
unit possesses only a 1imit.ed aniount of recording aym- 
rnt,us and eniphasis is laid upon t,he rort,ahility of the 
equipment. In  like manner, aerologicat units are divided 
int,o two orders--fiist-order unit,s for two-thaodolit e 
work and int,endecl for duty a t  more or leas periiitiiient 
st8a tions, and second-orilt?r units with portable equipment 
for single-t.heoclolit,e work. In actual ~rac  tic13 com- 

first-order aerological unit ancl a first-order iiieteoru- 
logical unit are assigned to a ernianent station w1iic.h 
is to furnish complete data, arilaerological and met.eoro- 
logical uiiit,s both of the second order are assigned to 
duty a t  mobile field stations. 

Por the surface met,eorologicd work the ec ui mioat usecl 

use are similar to the corresponding \Veat.her Uurenu 
fonns. For aerological work t.he standard equi ,went 

as alrtiady &scribed. Hydrogen of good purity is used, 
furnished in stmeel cy1iiidei.s having n 'capaciby of 200 cubic 

. 
9 furt,lic.r precaution in the use of =tlsillK ha oons is to allow 

billations of t,hese units twe employed, as, t or instance, a 

is all of stnnclard Weat,her Bureau type, ani \ I  t ie forms in 

consists of special aircraft t8heodolitmes and pilot ha I loons, 
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feet of gas a t  a ressure of 1,800 pounds p r  square inch. 

ordinary balance or scale pan witIli n set, of metric! weight#s 
is used a t  ermanont stmations for accurnte work; for a 

weights. The chain is tied to the balloon nnd from the 
number of links support,ed the lifting >ewer is obtained. 

employed, the iden of which was originally due t,o Sergt . 
1st cl., E. R. Rycler, Signal Corps. It consist.s of .ti 
transparent celluloid protract,or, whose surface IS 
roughened in order to take a pencil mark, which rerolres 
about a pivot in a board covered wit,h cross-section 
pa1)e.r. The board is illustrated in figure 4. The metliocl 
of operatmion is as follows : By rotmating t,lie celluloicl 
protractor, set the aziniulh angle for tlie giwn rcncling 
on t,lie scaled reference line 0 111; set tlie arm 0 R at' t'be 
elevation angle rend on the quadrant protrnnt'or on t.he 
cross-section aper ; find the interseckion of the nlt,it.ucle 
cross-section [ne (as rear1 on the altit.uc1e reference line 
0 N) with the arm 0 R and follow alon the perpcii- 
diculur cross-section line to the reference Ene 0 M a.iic1 
inarlr the point. Tliis point i3 the horizontd ,projectmion 
of the location of the balloon for the given reading niid 
the horizontal distance froni start may be rend froiii the 
scaled reference line if clesirecl. This process is repentccl 
for eiich reacling niicl result,s in a series of oints which 

pat,h. To obt,ain tlie niet1.n wind direction between any 
two ,oints, set, t.he two points in questmion so that t.he.v 
lie n ! onv the cross-section lines parallel t.0 the reference 
0 M ;  t%e direcr.tion from which the wind blows is rend 
a t  Y in the units desired. The wind speed may niost 
conveniently he measured by nienns of a special scslo 
which reads the velocity directly in the units desired. 
The standard ty e of two-theoclolit,e boards is an adapt,ed 

(See fywe and discussion, by W. C. Haiiies ant1 R. A. 
Wells, elow.) Ballistic wind plobting mny ~ l s o  he done 
on the same board a t  the same time in niiy conrenient 
portion not in use for plotkin5 the balloon's course. 

Met,eorologidal observations on surfnce conditions are 
taken a t  S n. ni. and 8 p. m., 75tmh niericlinn time, and n t  
12 noon, local time, and whenever hnlloon ascensions 
are macle. Stnnclard Wenther Bureau prnctice is fol- 
lowed in the procedure. C'loudiness ol.)scr.cntions are 
macle every t'wo hours froiii G a. m. to 10 p. in. Regular 
balloon obsermtions are macle n.t S a. M. and 4 p. ni., 
75th meridian t,ime, antl whenever locn.11~- desired. 
When coiitinuous re ,arts on t,he wind aloft are required 

vnt,ions of ot,her chnrnc t.er are made w-lienerer desired by 
depmtmenta of the local posts. 

All of t;he niet,eorologicn.l work of t8he Aiinv has been 
done in the closest cooperation wit,li t,lie IT. s. Weather 
Bureau. The Weather Bureau furniahed all t,he instru- 
mental equipment, used bg the Militar Meteorological 

t,he Weat,lier Bureau and the counsel of the Chief of t8he 
Weather Bureau and his shff have slwavs been a r d n h l e  
to the Meteorological Section of the Signal Corps sild 
these have been used freely. Without this assist.nnce 
from the Weather Bureau the early acconiplis1iment.s of 
the Milit,asy Met,eorological Service in the 1rnit.ed States 
w-ould hare been of little consequence. 

The Meteorological Sert'ioii of the Signal C'or B was 
under t,lie general supervision of Lieut. col. R. A. &lliknii 
from t.he beginning o€ it,:: organization. during the war, 
aiid to Deceniber 31. 1518. and under t'he general suuer- 

For obt,aining t, 1 e lifting power of t,he pilot, balloon, an 

portable fie P cl outfit' a bronze chain is used with. nusiliary 

For single-theoclolit,e work a stanclar d . plotting board is 

detmniine the horizontal projection of t. P ie lmlloon's 

form o€ this sing F e board and possesses all its ac1vant.nges. 

ohservnt,iona are iiia J. e every t,hree or four hours. Obser- 

Service during the fiist few ~nont~hs, ant T t,he resources o€ 

Much credit is clue t,he enlist,ecl personnel for the work 
accomplished. hiany of t.li.ese men left' responsil)!e 
posit,ions tlo hecon-e prix-at.es in t,he Metemologicnl Serv- 
ice. Them ~ n e n  not only performocl fnitllifully t,lie work 
laid out for them bo do, but cleseloped new met'hods 
and clecices for doing the work. I t  is iinpncticnble to 
nien tion intlivicluals by nnme, becnnse of the large 
nmiibcr of ~ e i i  in the service \vho 1inx.e ncroniplis~~ecl 
work that would lirnlio tlieni worthy I :'. i ~i:i~enclnt~~oii. 
The personnel wcs mnde ~ i p  n-tmt! .. i . ' si dui i te  engineers, 
physicists., mnt,lie:iixt,iri;ii; , ..lici eniployecs of the 
T;l'e:xt.ber Burenu. 

It, slioulil be nnt,ecl tlint no meut.ion is macle here of 
orologicnl \ w r k  clone nt the nctmunl hnttle Iront 

in F~nnce. The Met.eorologica1 Sectioii of tlie Signd 
C'orya hnd, lioi\-e\-er, al-)outn 1.5 ofI-iceis and a.pprosimat.ely 
:i(jO ciilistetl nien :ill t,rilinacl in ineteorology aiid aeTolqgy 
at, t.lie front, antl it. is t1iou;ht hest bliat tlhe clescription 
of t.he ni:c.oml,lishrneiit~ of t,liis p h o n  of the Metooro- 
!ogical Section tic left to those who hr~1-e been engaged.., 
in the work o\-erms" 

_li 
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__ 

I !-- ! . I  I I ~ li I 
11 Now in preporslim lor u Mer issilt* or tlir RX.:\IE\\'.--F.II. 

vision of Lieut. COI. John C. Moore since that date. 
* 


